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Smoking is the single most preventable cause
of premature death and disability in the
United States." An estimated 430000 deaths
are attributed to cigarette smoking each year.
School-based smoking and substance use pre-
vention programs have been created to re-
duce this burden.>™ Several reviews have
shown that school-based programs can re-
duce tobacco use by 25% to 50%."° Al-
though most school-based tobacco prevention
programs are based on a social-influences
model, they have not been structured to take
full advantage of the possible positive aspects
of peer influence.

One way to include social influences in
school-based tobacco prevention programs is
by using peer leaders. Peer-led interactive
programs are hypothesized to be more effec-
tive than teacher-led programs and more
effective when compared with controls.
Meta-analyses of substance use prevention
programs have shown that interactive pro-
grams—those that incorporate student-to-
student exercises—are more effective than
lecture-style programs.'** Current guidelines
for implementing school-based tobacco pre-
vention programs recommend the use of
peer leaders,’® and a number of studies have
found peer leaders to be effective imple-

17-22

menters of tobacco prevention and

health promotion programs.?*~2°

There is, however, considerable variation
in how peer leaders are selected. Peer lead-
ers for middle school programs have varied

17,19

from college students " to high school stu-

dents®” to students of the same age.?*?%?° In
some cases peer leaders are self-selected, and
in other cases student nominations are used
to identify same-age peer leaders."”?83%-32
All of the school-based tobacco prevention
programs that used peer leaders reported
some success in reducing smoking or chang-
ing mediators.

Although this evidence suggests that peer

leaders are important components of health
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the students who nominated them.

Health. 2003;93:1837-1843)

promotion programs, there have been no
studies to evaluate how these leaders should
be assigned to groups. In classroom settings,
teachers often have students work in groups,
because evidence shows that this approach
improves learning. Rottier and Ogan reviewed
several studies on group learning in middle
and junior high schools and concluded that
group learning encourages higher achieve-
ment (especially for average and below-
average students), promotes better reasoning
skills, fosters positive relationships among stu-
dents, increases positive feelings toward the
subject matter, and results in higher self-
esteem.*® A meta-analysis of 122 studies indi-
cated that group learning promotes higher
achievement than do individual- and
competitive-learning experiences,* and this
effect held across all ages, academic subjects,
and types of learning tasks.*>—®
Randomization is the most common
method for constructing groups in classrooms.
Typically, teachers ask students to count to a
certain number, and students are assigned to
groups with the same number. Randomization
has numerous advantages, including ease of
implementation, control of teacher and stu-
dent biases, and objectivity. In many class-
rooms, teachers assign students to groups on
the basis of the teachers’ knowledge of who

Objectives. Our study tested the effectiveness of network methods for identifying
opinion leaders and for constructing groups.

Methods. Three conditions—random, teacher, and network—were randomly assigned
to 84 6th-grade classrooms within 16 schools. Pre- and postcurriculum data on medi-
ators of tobacco use were collected from 1961 students. Peer leaders in the network
condition were identified by student nominations, and those leaders were matched with

Results. Students in the network condition relative to the random condition liked the
prevention program more and had improved attitudes ($=-0.06; P<.01), improved self-
efficacy (p=-0.10; P<.001), and decreased intention to smoke (adjusted odds ratio
[OR]=0.46; 95% confidence interval [CI]=0.38, 0.55).

Conclusions. The network method was the most effective way to structure the program.
Future programs may refine this technique and use it in other settings. (Am J Public

works well with whom. Assigning students in
tobacco prevention and most health promo-
tion programs to groups on the basis of differ-
ent abilities may be impractical, because it re-
quires pairing students who engage in a
behavior (smoking) with those who do not,
which raises ethical concerns.

We tested the effectiveness of peer leader
selection strategies and group creation
within a school-based tobacco prevention
program. Three conditions were compared:
(1) random—leaders defined as those who re-
ceived the most nominations by students,
and groups created by randomly assigning
students to leaders; (2) teacher—leaders and
groups created by teachers; and (3) network—
leaders defined as those who received the
most nominations by students, and groups
created by assigning students to the leaders
they nominated.

The rationale for the network condition
came from research on the effects of social-

39-48 and

network influences on tobacco use
other health behaviors.**™ It has been
shown that peers influence tobacco use;
therefore, teaching resistance skills within the
context of these peer relationships is a prom-
ising approach. The network condition identi-
fies opinion leaders through peer nomina-

tions, and it extends the logic of peer
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influences by matching students with the
leaders that the students nominated—leaders
who are 1 step (the student is assigned to a
leader that the student nominated) or 2 steps
(the student is assigned to a leader who was
nominated by one of the student’s nominees)
away. In this manner, students are assigned to
the leaders they nominated, which recognizes
that opinion leadership is a localized phenom-
enon—opinion leaders are not leaders for
everyone; rather, they are leaders for those
who nominate them to be leaders.”

The 3 conditions—random, teacher, and
network—each have obvious advantages and
disadvantages. The random condition capital-
izes on student opinions and is unbiased, but
it requires the collection of network data. The
teacher condition is simple to implement, be-
cause it relies on the teachers’ knowledge, but
it is dependent on that knowledge alone. The
network condition capitalizes on student opin-
ions but also requires collection of network
data. In addition, it requires using a computer
algorithm to match the leaders with the
groups. The cost of the network condition can
be offset by several advantages: (1) students
learn to practice resistance skills with their
near peers who probably will be present in
situations where smoking will occur; (2) the
group process can be amplified, because stu-
dents become more engaged with the curricu-
lum; (3) curriculum lessons may continue out-
side the classroom, when students discuss the
lessons with their friends; and (4) students
may learn more if they are in a comfortable
social setting with their friends. Thus, com-
paring the effectiveness of these conditions
has important programmatic (how to imple-
ment programs in the future) and theoretical
(how do programs work) implications.**

Our study presents preliminary results from
a school-based tobacco use prevention pro-
gram implemented in the sixth-grade, the first
year of middle school. Most of the students
were aged 11 or 12 years. These ages and the
corresponding grade level have been identi-
fied with the onset of smoking.* Two pro-
grams, a general social-influences program
and a culturally tailored program, were imple-
mented, and schools receiving these programs
were compared with control schools that did
not receive a specific tobacco use prevention
intervention. Both programs use a social
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influence—based smoking-prevention curricu-
lum for sixth-grade students, consist of 8
50-minute sessions, and include an initial ses-
sion for peer leader training. Trained college-
aged health educators teach the programs,
usually with the regular classroom teacher in
attendance. The curriculum includes Socratic
discussions, role-playing, and games, and the
classroom sessions take place once a week for
8 consecutive weeks. Before the programs
start, peer leaders are taught how to organize
their groups, how to communicate with the
students, how to provide positive feedback,
and how to encourage cooperation. Peer lead-
ers distribute materials, collect materials, lead
discussions, and organize group activities.

In both programs, students work with their
groups during every session and are asked to
work on a group project outside of class. The
group project—students perform skits with
their assigned groups during the last session—
is the culminating event of both programs.
The students are given time during class to
create their skits and are encouraged to work
during lunchtime and after school. Both pro-
grams aim to change psychosocial mediators
of tobacco use, such as attitudes toward
smoking, self-efficacy, refusal skills, coping
skills, and intention to smoke. Because many
of the activities take place in groups, the com-
position of groups and the selection of leaders
may be critical elements that determine pro-
gram effectiveness.

METHODS

Our study was nested within a larger trial
that was evaluating 2 social-influence pro-
grams for smoking prevention—a universal
program and a culturally tailored program—
in 16 middle schools in Los Angeles County,
Calif. The student population in each school

TABLE 1—Schools, Classes, and Students Randomly Assigned to the Random, Teacher, and

either had a majority of Hispanic/Latino stu-
dents or had no single ethnicity in the major-
ity but at least 35% of the student body was
Hispanic/Latino or Asian American. The
programs were implemented in sixth-grade
classrooms during April and May 2001. An
analysis that compared participating schools
with schools that declined to participate be-
cause of district or supervisor refusal or
because of low consent rates showed no sig-
nificant differences in ethnic composition,
scholastic achievement, and socioeconomic
status. The 84 classes in the 16 schools were
randomly assigned to 1 of the 3 study condi-
tions: random, teacher, or network (Table 1).
Our study compared 3 group-formation
techniques (random, teacher-assigned, and
network/peer-assigned) that were imple-
mented at the classroom level and were
nested within a comparison of 2 tobacco
prevention programs.

We administered 3 surveys: a baseline sur-
vey that measured ethnicity, smoking behav-
ior, and other variables (January 2001); a
precurriculum survey that measured attitudes
and intentions (March 2001); and an identi-
cal postcurriculum survey that measured atti-
tudes, intentions, and curriculum appeal
(June 2001). Of the 2775 eligible students,
2278 (82.1%) completed the baseline sur-
vey, and 2105 (75.8%) completed the pre-
and postcurriculum surveys. Because of dif-
ferent consent requirements, only 1539
(67.6%) of those who completed the curricu-
lum survey also completed the baseline sur-
vey. Of the 2105 curriculum respondents,
144 (6.8%) did not answer all of the survey
items and were omitted from our analysis.
The final sample contained 1961 students
(70.7%), 1444 (73.6%) of whom had addi-
tional baseline data on ethnicity and smoking
behavior.

Network Study Conditions

Universal Curriculum Culturally Tailored Curriculum Total
Schools, No. 8 8 16
Network condition Random Teacher Network Random Teacher Network
Classes, No. 14 12 16 16 14 84
Students, No. 359 281 311 363 349 298 1961
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Note. One hundred nineteen links are not shown because they did not result in group assignments.

FIGURE 1—Group assignments for 1 class.

Network Conditions

Peer leader data were collected by instruct-
ing students, “Think about the 5 people in
this class who would make the best leaders
for working on group projects. Write up to 5
names on the lines below, starting with the
best leader on the first line.” Students also
were instructed to write numbers from a class
roster next to the names to facilitate data
entry. These data constituted a social network
of peer leader nominations.*%*°>~%%

Classrooms were divided into 6 groups.
The random condition was created by select-
ing students who received the most nomina-
tions by peers to be leaders and then ran-
domly assigning students to each of those
leaders. The teacher condition was created by
having all teachers complete a worksheet that
identified leaders and group members. The
network condition was created by selecting
students who received the most nominations
to be peer leaders. Students then were as-
signed to the leaders they chose or, if they
were not directly connected to a leader, were
assigned to the leader to which they were
connected indirectly (algorithm available from
the authors).

Figure 1 shows group assignments for 1
class in the network condition. Leaders (stu-
dents 11, 29, 21, 22, 25, and 17) are de-
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picted as squares, and group members are
depicted as circles with arrows that indicate
nomination as a peer leader. Most students
were assigned to a leader they nominated.
For example, students 2, 4, 5, and 7 were
assigned to leader 11 in group A. Four stu-
dents were 2 steps away from their leader
(students 3, 8, 14, and 31), and 4 were

not at all connected to their leader (all in
group F). Student 8 was assigned to leader
25 rather than to leader 11, because groups
were first constructed of equal size before
any remaining students (student 31) were
assigned. There were an additional 119
leader nominations (31 students multiplied
by an average of 4.58 leader nominations
minus the 23 shown) that are not shown for
clarity.

As a manipulation check, the average dis-
tance between students and their assigned
peer leaders was compared. As expected, the
network condition had statistically significant
shorter distances (1.83 steps [SD=1.78])
than did the teacher and random conditions
(2.49 steps [SD=1.78] and 2.55 steps [SD=
2.04], respectively).

Analysis Plan
We first determined whether program ap-
peal varied by condition and then whether at-

titudes and intention to smoke varied by con-
dition. We repeated the analysis at the class-
room level. The random condition was
treated as the referent. The effects of peer
leader selection might not be independent of
the culturally tailored program, thus our anal-
ysis included a dummy variable for the cul-
turally tailored program and interaction terms
for the teacher and network conditions and
this program. Control variables included gen-
der, ethnicity, smoking, and school smoking
prevalence. All analyses controlled for cluster-
ing within schools.

School-based interventions were usually as-
signed at the school level rather than the
classroom level to reduce contamination be-
tween conditions.”**® Because contamination
of the peer leader condition was not a con-
cern, classroom-level assignment was possible.
In all classes, both student nominations and
teacher assignment data were collected, so
that the students, teachers, and health educa-
tors would have no indication of the condi-
tions imposed. In some schools, different
classes were assigned to different peer leader
conditions to enable comparisons within
those schools.

RESULTS

Table 2 shows sample characteristics from
the baseline survey. There was an equal num-
ber of boys and girls (50.0%), and most stu-
dents were aged 11 years (70.2%) or 12
years (28%). The majority had at least 1
foreign-born parent (74.4%), and many had
at least 1 parent who was a college graduate
(42.4%). A majority of the sample was His-
panic or Latino (54.4%), and a significant
percentage was Asian American (23.4%).
Few had ever tried a cigarette (9.0%), and
fewer still had ever smoked a whole cigarette
(2.1%). Intention to smoke was 11.9%. These
smoking rates are consistent with estimates in
other surveys.®*®Z Table 2 also shows that
students in the baseline sample were similar
to those who completed the baseline and cur-
riculum surveys (n=1444).

Factor analysis of the 24 program appeal
items (available from the authors) returned 3
factors with eigenvalues greater than 1. The
factors were labeled leader/group appeal
(a=.89), friend support (0=.79), and cur-
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TABLE 2—Demographic Characteristics
of Baseline Sample and of Students
Who Completed Baseline and
Curriculum Surveys
Baseline and
Baseline Curriculum
Data Data
(n=2278),%  (n=1444),%
Male 50.0 52.6
Aged 11 years 70.2 68.3
1 parent foreign 74.4 77.2
born
1 parent college 422 40.5
graduate
Hispanic/Latino 54.4 55.7
Asian American 23.4 25.4
Ever tried cigarette 9.0 9.4
Ever tried whole 21 1.8
cigarette
Intend to smoke 11.9 11.7

riculum appeal (a=.81). Leader/group appeal
items measured specific aspects of the leaders
and the groups formed during the program.
Friend support measured the degree of social
support for nonsmoking norms, and curricu-
lum appeal measured generic aspects of the
prevention programs. Table 3 shows regres-
sion results indicating that both the teacher
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condition (3=-0.07; P<.01) and the net-
work condition (3=-0.14; P<.001 ) were sig-
nificantly associated with greater leader/
group appeal. The network condition also was
associated with higher perceptions of friend
support for nonsmoking (3=-0.09; P<.001),
and neither condition was associated with
curriculum appeal.

Factor analysis of the 31 attitude items
(available from the authors) returned 3 fac-
tors with eigenvalues greater than 1. Factor
analysis results were similar in the pre- and
posttest data. The factors were labeled smok-
ing attitude (0=.90), self-efficacy (a=.67),
and social consequences (a=.56). (Conceptu-
ally, we expected the smoking attitude items
to form 3 subscales—general attitudes, health
as a value, and resistance skills—but this was
not the case.) Table 4 shows regression re-
sults for posttest attitude and intention-to-
smoke variables. The teacher condition did
not change attitudes. Relative to the random
condition, the network condition was associ-
ated with improved attitudes (3=-0.06; P<
.01) and improved self-efficacy (3=-0.10;
P<.001 ) but not with improved perceived
social consequences 3=0.02, P=.64. The
network condition also was associated with
decreased intention to smoke (OR=0.46;
95% CI=0.38, 0.55), which indicated a
549 lower level of smoking intentions rela-
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TABLE 3—Effects (f3 Coefficients) of Demographic, Smoking, and Study Condition Variables
on 3 Scales Measuring Leader/Group Appeal, Friend Support for Antismoking Norms, and
Curriculum Appeal (n=1961)

Leader/Group Appeal Friend Support Curriculum Appeal
Male 0.14** 0.17*** 0.12%*
Smoking prevalence 0.11** 0.13** -0.03
Hispanic/Latino -0.02 0.01 -0.06
Asian American 0.03 -0.01 0.04
Ever puffed a cigarette 0.07* 0.04 0.03
Baseline data only -0.05 -0.06* -0.03
Tailored curriculum -0.01 0.00 0.01
Teacher condition -0.07* -0.04 -0.06
Network condition -0.14** -0.09** -0.05
Teacher condition x tailored curriculum -0.01 0.02 -0.01
Network condition x tailored curriculum 0.04 0.06 -0.01
R’ 5% 6% 3%
Note. Regression controls for intraschool covariation.
*P<.05; **P<.01; ***P<.001.

tive to the random condition. There was a
significant condition-by-program interaction
such that students in the network condition
who received the culturally tailored curricu-
lum reported higher intention to smoke
(OR=1.93; 95% CI=1.20, 3.12). This inter-
action effect decreased to nonsignificance
when the analysis was restricted to the sub-
sample of students who completed both the
baseline and curriculum surveys.

Because students are clustered in schools
and classrooms, it is possible that these results
are inflated by the nonindependence of ob-
servations, although the regression controlled
for intraschool clustering.’® Scores were ag-
gregated to the classroom level by calculating
classroom means on all variables and by re-
peating the analysis (n=_84). Table 5 shows
that the classroom-level results are consistent
with the individual-level analysis. The teacher
condition did not change attitudes. The net-
work condition improved attitudes (=-0.16;
P<.05) and self-efficacy (3=-0.34; P<.001)
but did not improve perceived social conse-
quences (3=-0.11; P=.51). The network
condition also was associated with decreased
intention to smoke (3=-0.31; P<.05) and,
similar to the individual-level analysis, with
greater program appeal (results not shown).

DISCUSSION

Although the results reported here are pos-
itive, notes of caution are warranted. First, we
report short-term results that represent 2 to 3
months between surveys. Second, the out-
comes measured are attitudinal mediators
and are not behaviors, and it remains to be
seen whether behaviors will be affected.
These attitudinal mediators, however, have
been shown to be strongly associated with
later smoking initiation.®® Our results are
strongest for intention to smoke, which has
been validated as a predictor of smoking in
other studies.*®> A third limitation is report-
ing bias. Because friends may choose the
same leader and then be grouped together,
they might report more positive outcomes. As
a result, their friendship groups might appear
to perform better. Finally, there was a net-
work condition-by-program interaction on in-
tention to smoke such that scores were
slightly worse in the schools that received the
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TABLE 4—Effects (3 Coefficients) of Demographic, Smoking, and Study Condition Variables
on Nonsmoking Attitudes, Self-Efficacy, Social Consequences of Smoking, and Intention to
Smoke After Control for Precurriculum Levels (n=1961)

Smoking Social Intention to Smoke
Attitude Self-Efficacy Consequences (Adjusted Odds Ratio)

Baseline score 0.59*** 0.52%** 0.55%** 6.57***
Male -0.03 0.02 0.03 0.91
Smoking prevalence 0.06* 0.10* -0.01 1.06*
Hispanic/Latino 0.02 0.03 0.00 0.81
Asian American -0.02 -0.01 0.01 0.53**
Ever puffed a cigarette 0.07*** 0.03 0.01 247¥**
Baseline data only -0.05 -0.02 0.01 0.98
Tailored curriculum 0.04 -0.02 0.07** 1.05
Teacher condition 0.00 -0.03 0.00 1.06
Network condition -0.06** -0.10%** -0.02 0.46***
Teacher condition x tailored curriculum -0.05* 0.03 0.01 0.81
Network condition x tailored curriculum 0.04 0.06 0.01 1.93**
R? 39% 29% 32% 16%

Note. Regression controls for intraschool covariation.
*P<.05; **P<.01; ***P<.001.

TABLE 5—Classroom-Level Impact Estimates (3 Coefficients) of Demographic, Smoking,
and Study Condition Variables on Average Classroom Levels of Nonsmoking Attitudes,
Self-Efficacy, Social Consequences of Smoking, and Intention to Smoke After Control for
Precurriculum Levels (n=84)

Mean Smoking Mean Mean Social Intention
Attitude Self-Efficacy Consequences to Smoke
Pretest class average 0.67*** 0.43%** 0.71%** 0.40%**
Male 0.03 -0.10 -0.19 -0.09
Smoking prevalence -0.02 0.19 0.13 -0.05
Hispanic/Latino -0.46** 0.23 -0.27* 0.18
Asian American 0.19 -0.01 -0.04 -0.21
Ever puffed a cigarette 0.15%* 0.12 0.07 0.09
Baseline data only -0.26* -0.15 0.08 -0.14
Tailored curriculum 0.12 -0.12 0.22 0.11
Teacher condition 0.01 -0.14 -0.03 0.09
Network condition -0.16* -0.34%** -0.11 -0.31*
Teacher condition x tailored curriculum -0.13 0.18 0.02 -0.16
Network condition x tailored curriculum 0.14* 0.22 0.11 0.22
R 2% 46% 56% 57%
Note. Regression controls for intraschool covariation.
*P<.05; **P<.01; ***P<.001.
culturally tailored curriculum in the network These cautions notwithstanding, our results
condition. This indicates that the network ap- represent an exciting finding that has implica-

proach may be sensitive to the accompanying tions for health promotion programs. The
curriculum or health promotion program. data demonstrate the value of using network

information to design a health promotion pro-
gram. No changes to the curriculum were
made; the only modification was to ask stu-
dents who they thought would make the best
leader and to then assign the students to
groups accordingly. Importantly, this condi-
tion was compared with the standard in
school-based health promotion programs,
namely, choosing leaders by popularity and
constructing groups randomly. These data
suggest that randomization may be a less-
than-optimal way to implement health promo-
tion programs.

The network condition may be further im-
proved by using algorithms that were devel-
oped in location science to determine the best
places to locate warehouses, hospitals, fire
and police stations, and the like.%® The net-
work condition also might be improved by in-
cluding other network information, such as
friendship choices, the rank/order of such
choices, or the overall structure of the net-
work. We took a simplistic approach to deter-
mine whether network data can be used to
improve group leader selection and group as-
signments. These results suggest that network
data can be used to great advantage. Future
interventions may need to investigate
whether other network data should be in-
cluded to optimize group assignments. For in-
stance, students chose leaders in our study on
the basis of “working on group projects.” Re-
sults may have been different if leaders were
chosen for their status as role models, lifestyle
trendsetters, or other attributes connected to
tobacco use decisions.

These data suggest that previous research
regarding peer influence on the decision to
smoke has implications for prevention pro-
grams, because peers can be used to change
susceptibility to smoking. Although most
school-based tobacco prevention programs are
based on a social-influences model, few take
advantage of social influences in their pro-
gramming. We have shown that these social
influences can be harnessed to yield positive
outcomes. Future programs and research
should attempt to more fully understand how
and why social influences lead to tobacco use
and how social influences can be used to
deter such use. Interestingly, in additional
analyses (not reported), we found that stu-
dents who were fewer steps away from their
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assigned leader had improved outcomes, re-
gardless of study condition. (We substituted
reversed distance to leader for the study con-
dition variables [OR=0.93; 95% CI=0.90,
0.97], which indicated that each additional
step closer to the chosen leader was associ-
ated with a 7% decrease in intention to
smoke.)

Conversely, social influences also can lead
to deviancy training. Studies of interventions
that allowed peer-to-peer interaction among
high-risk youth have shown that peers can
reinforce negative norms and attitudes. The
network condition encourages friendship
groups that could create negative program
effects, especially in high-risk settings.®’ Fu-
ture uses of the network methodology will
need to pay particular attention to this possi-
bility. (In our study, health educators com-
pleted a checklist after each session that
noted any disruptions or problems. Our anal-
ysis showed no significant difference in rate
of problem behavior among conditions.) An
additional consideration is whether the peer
leaders chosen by students are more likely
to smoke and more likely to spread this neg-
ative behavior.

Teachers may know the attitudes and be-
haviors of the chosen peer leaders and who is
likely to spread positive or negative influ-
ences. Teacher knowledge of the students and
of who works well with whom is clearly valu-
able. Our original expectation was that the
random condition would have better out-
comes than the teacher condition. This was
not the case. Perhaps teachers have a global
view of the classroom social structure that
could be used in combination with network
information for the most effective implemen-
tation of school-based health promotion
programs.

Finally, it is certainly possible to include
other attribute information, such as gender,
ethnicity, and attitudes, to explore whether
both network and personal characteristics
should be considered when constructing
groups. School-based instruction studies indi-
cate that overall classroom performance is
enhanced when students are grouped with
people of varying ability levels. Our results
indicate that such variability may be less
than ideal for health promotion; however, it
may be that a combination of performance
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or attribute variability and network data is
optimal.

This study demonstrates a technique for
enhancing the promotion of healthy behav-
iors in school, community, and/or organiza-
tional contexts. It supports the view that so-
cial networks influence behavior and that
social-network analysis can be used to im-
prove health outcomes. We hope that future
applications will further the benefits that
social-network analysis can provide in im-
proving understanding of health behavior and
promoting health. m
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